ABSTRACT: An experiment was conducted to finishing phases. There were no linear, quadratic, or study the effect of adding crystalline niacin to lowcubic responses ( P > .20) with increasing concentraprotein diets on pig performance from weaning to tions of added niacin in the LPT diets for the market weight. Niacin was added a t 0, 3, 9, 27, or 81 production criteria measured. Also, there were no ppm to a low-protein test (LPT) diet fortified with interactions ( P > .20) between niacin ( 0 or 81 ppm) crystalline amino acids and at 0 or 81 ppm to a and protein level (LPT or PC diets) for any of the positive control ( P C ) diet. Pens (four pigs/pen) were criteria studied. Pigs fed the PC diets had greater ( P < the experimental units with 12 and 8 pens per ' .05) ADFI, ADG, and gain:feed ratios over the entire treatment during the 35-d nursery and 98-d growingexperiment than pigs fed the LPT diets that contained finishing phases, respectively. Niacin supplementation 0 or 81 ppm of added niacin. In conclusion, the did not affect ( P > . l o ) ADFI, ADG, gain:feed ratio, addition of niacin t o low-protein or positive control hair and skin condition, or the incidence of toe cracks corn-soybean meal diets did not improve pig perforand lameness during the nursery or the growingmance criteria from weaning to market weight.
Introduction
A dietary source of niacin is essential in tryptophan-deficient diets to prevent a niacin deficiency in young pigs (Luecke et al., 1947 (Luecke et al., , 1948 Powick et al., 1948) . However, a niacin deficiency is unlikely in pigs that weigh > 27 kg (Braude et al., 1946; Luecke et al., 1948) because of the metabolic conversion of excess tryptophan to niacin (Firth and Johnson, 1956) and(or) the synthesis of B vitamins by bacteria in the intestinal tract (March, 1979) . Niacin supplementation of corn-soybean meal diets fed to growing (Harmon et al., 1969) or finishing pigs (Yen et al., 1978; Copelin et al., 1980) did not improve pig performance.
Dermatitis and a rough appearing haircoat are symptoms of niacin (Birch et al., 1937; Hughes, 1943) and biotin (Lehrer et al., 1952; Bonjour, 1977) J. h i m . Sci. 1993. 71:3383-3388 deficiency. The addition of biotin to corn-soybean meal diets reduced the incidence of hoof cracks in gilts and sows (Bryant et al., 1985a,b) , although the addition of niacin to corn-soybean meal diets fed to sows did not affect the incidence of lameness, toe cracks, or hair and skin condition (Ivers et al., 1993) . The relationship between dietary niacin and hoof integrity has not been investigated in growing-finishing pigs.
This experiment was conducted to evaluate the effects of adding crystalline niacin to low-protein test and positive control corn-soybean meal diets fed to pigs from weaning to market weight. Criteria were growth performance, hair and skin condition, and the incidence of toe cracks and lameness.
Materials and Methods
This experiment consisted of a 35-d nursery phase followed by a 98-d growing-finishing phase. Three nursery trials were conducted using 336 Yorkshire x Landrace crossbred pigs ( 112 pigdtrial) weaned approximately 4 wk of age at an average BW of 7.55 _+ .14 kg and placed directly on test. Two barrows and two gilts were allotted to each pen (experimental unit). Seven pens similar in weight made one weight block and were randomly assigned t o treatment, with a total of 12 pens per treatment. At the completion of the nursery phase, two trials were continued on the 98-d growing-finishing phase ( d 35 to 133 of the experiment). Pigs remained on their respective treatments, with a total of eight pens per treatment.
A basal low-protein test (LPT) diet was used to minimize the conversion of tryptophan to niacin (Luecke et al., 1947; Firth and Johnson, 1956 ). The LPT diet was supplemented with 0, 3, 9, 27, or 81 ppm of crystalline niacin (Table 1) . A positive control ( P C ) diet was supplemented with 0 or 81 ppm of crystalline niacin (Table 21 , producing a total of seven dietary treatments. The CP concentrations in the LPT diets were approximately 3% below the NRC (1979, 1988) requirements, whereas the CP concentrations in the PC diets were close to these requirements. Crystalline amino acids were added to the LPT and PC diets to meet limiting essential amino acid requirements, with analyzed tryptophan at .01 to .02% above NRC (1988) requirements. All diets were supplemented with vitamins and minerals to meet or exceed NRC (1979 NRC ( , 1988 requirements.
Crude protein concentrations of the basal diets were lowered on d 14, 35, 63, and 91 of the experiment producing five dietary phases. The dried whey in both basal diets and the corn gluten meal in the LPT diet were also removed on d 14. Corn and soybean meal were the major dietary ingredients for the remainder of the experiment.
Two samples of each basal diet were analyzed for proximate analysis components by AOAC ( 1984) procedures and selected amino acids according to the method of Benson and Patterson (1971) (Tables 1  and 2 ). Before amino acid analyses by automated cation exchange chromatography, samples were hydrolyzed under N with 6 N HC1 for 4 h at 145"C, except 'Vitamin mix provided per kilogram of complete diet: 5,500 IU of vitamin A acetate, 550 USP of vitamin D3, 27.5 IU of vitamin E as dl-atocopheryl acetate, 2.2 mg of vitamin K as menadione sodium bisulfite complex, 5.5 mg of riboflavin, 27.5 mg of d-pantothenic acid as calcium pantothenate, 38.5 pg of vitamin BIZ, 770 mg of choline chloride, 1.1 mg of folic acid, 2.2 mg of pyridoxine as pyridoxine.HC1, 2.2 mg of thiamine as thiamin mononitrate, .17 mg of biotin, and 55 mg of ethoxyquin as a preservative.
dNRC, 1988. Analyzed values in parentheses. eTotal niacin analyses of the Phase 3 diet containing 9 or 81 ppm of added niacin were 32 and 98 ppm, respectively. Total niacin analysis of crystalline niacin found 1,000,000 ppm (100.0% niacin). for tryptophan, which was done by enzymatic hydrolysis and determined colorimetrically (Spies and Chambers, 1949) . When analyzing for cystine and methionine, performic acid oxidation preceded the hydrolysis step (Moore, 1963) . Total niacin activity was measured in selected diets (Tables 1 and 2 ) using an automatic turbidimetric microbiological system (Autoturb-2, Mitchum Schaefer, Indianapolis, IN), based on the fact that Lactobacillus plantarum ATCC 8014 requires niacin for growth. A basal medium, nutritionally complete except for niacin, was used as the diluent for the final dilutions of the samples and standards. After incubation, the growth response of the bacterial cultures was measured as percentage of transmittance. Then a dose-response line was constructed and the sample concentrations of total niacin were calculated.
Pigs were housed in fully enclosed nursery and growing-finishing buildings with supplemental heat and ventilation. Nursery pens were 1.2 m x 1.2 m and growing-finishing pens were 3.0 m x 2.1 m. Both buildings had completely slatted concrete floors ( 12.7-cm slat and 2.54-cm slot). Self-feeders and nipple waterers provided feed and water on an ad libitum basis. Pig weights and feed consumption were measured weekly in the nursery phase and biweekly in the growing-finishing phase.
Hair and skin condition and the incidence of toe cracks and lameness of each pig were evaluated subjectively by two people during the experiment using a 3-point scoring system for each area. For hair and skin condition, a score of 1 represented normal appearing hair and skin, a score of 2 represented a mild dermatitis or rough haircoat, and a score of 3 represented a severe dermatitis or an extremely rough haircoat. For toe cracks and lameness, a score of 1 represented no lameness or no toe cracks, a score of 2 represented one toe crack or slight to mild lameness, and a score of 3 represented two or more toe cracks or severe lameness (inability to walk).
The data for all seven treatments were analyzed as a randomized complete block ANOVA (Snedecor and Cochran, 19801 , using the SAS (1986) statistical package, with weight groups as the blocks and pens as the experimental units. The residual error mean square from the seven treatments was used as the denominator of the 8'-value for all planned comparisons. Statistical responses of niacin additions to the LPT diet were also tested by linear, quadratic, and cubic orthogonal contrasts. The LPT and PC diets supplemented with 0 or 81 ppm of niacin were further analyzed as a 2 x 2 factorial arrangement of the treatments to test for dietary CP and niacin main effects and CP x niacin interactions. Treatment differences in the planned comparisons were separated using Fisher's F-protected LSD procedure.
Results and Discussion
Analyzed values for total niacin in two representative samples from each of the LPT and PC diets (samples from Phases 1 and 5 ) averaged 23 and 25 ppm, respectively; similar to the calculated values for the basal LPT and PC diets that averaged 22 ppm (Tables 1 and 2 ). Total niacin analyses of the Phase 3 LPT diets containing 9 or 81 ppm of added niacin were 32 and 98 ppm, respectively; close to the calculated total niacin values of 31 and 103 ppm, respectively (Table 1) . Total niacin analysis of the Phase 3 PC diet containing 81 ppm of added niacin was 110 ppm, close to the calculated value of 103 ppm ( Table 2) .
Supplementation of corn-soybean meal diets with crystalline niacin did not increase ( P > . l o ) ADFI, ADG, or gain:feed ratio of pigs fed either the LPT or the PC diets during the nursery phase, growingfinishing phase, or overall (Table 3 ) . Also, there were no linear, quadratic, or cubic responses ( P > .20) with increasing concentrations of added niacin in the LPT diets for any performance criteria measured. The lack of response to added niacin in the present experiment is in agreement with reports that suggested niacin supplementation of corn-soybean meal diets did not improve performance of growing (Harmon et al., 1969) or finishing pigs (Yen et al., 1978; Copelin et al., 1980) . It has been shown that practical diets fed to laying and breeding hens (Manoukas et al., 1968) and t o sows during gestation and lactation (Ivers et al., 1993) do not require supplementation with crystalline niacin. The LPT diets in the present experiment contained .01 to .02% excess tryptophan on an analyzed basis and .02 to .05% excess tryptophan on a calculated basis (NRC, 1988) . Excess tryptophan may be converted to niacin; 50 mg of tryptophan was required to synthesize 1 mg of niacin (Luecke et al., 1947; Firth and Johnson, 1956 ). However, Borg et al. (1987) have suggested that the minimum dietary tryptophan requirement from 6 to 22 kg is .16%; .01% higher than the analyzed tryptophan concentration in our LPT diet from 10 to 20 kg ( d 14 to 35). Also, Veum and Ivers ( 19 9 2 ) found that the minimum tryptophan requirement of growing pigs (20 to 50 kg) was .14%. Thus, it seems that the NRC (1988) tryptophan requirements may be too low for pigs from weaning to 50 kg, and that the LPT diets in the present experiment contained little if any excess tryptophan from weaning to 57 kg.
When the LPT and PC diets containing 0 and 81 ppm of added niacin were evaluated in a 2 x 2 factorial P > . l o ) within diet for ADFI, ADG, or gain:feed ratio. arrangement of the treatments (Table 41 , no diet x niacin interaction ( P > .20) or niacin main effect responses occurred for ADFI, ADG, or gain:feed ratio.
However, pigs fed the PC diets had greater ( P < .05) ADG and gain:feed ratios during the nursery and growing-finishing phases and overall and had greater ADFI during the growing-finishing phase and overall than pigs fed the LPT diets containing 0 or 81 ppm of added niacin. This was unexpected because the addition of crystalline lysine to a corn-soybean meal diet containing 2% less protein than that recommended by NRC (1979) has restored performance of growing pigs equivalent to that obtained when feeding the recommended protein (lysine) concentration (Baker et al., 1975; Easter and Baker, 1980) . However, Baker et al. (1975) also found that the performance of growing pigs fed a 16% CP diet was greater than that of growing pigs fed a 14% CP diet supplemented with amino acids when the dietary lysine was 2 ,7796, but the reverse occurred when lysine concentrations were < .77%. In the present experiment dietary lysine concentrations in all the LPT diets exceeded NRC (1988) requirements.
Hair and skin condition scores and the incidence of toe cracks and lameness scores were similar ( P > .20) among all seven treatments during the nursery and growing-finishing phases and overall. Thus, the data are not presented in tabular form. Overall means k SEM were 1.18 _+ .04 and 1.13 _+ .03, respectively.
These results indicate that neither the incidence of toe cracks and lameness nor the appearance of the hair and skin were improved by supplementation of cornsoybean meal nursery and growing-finishing diets with crystalline niacin. Similar subjective data obtained on sows at breeding and on d 60 of gestation found that adding 33 ppm of niacin to a gestationlactation diet did not affect hair and skin condition or the incidence of toe cracks and lameness (Ivers et a] ., 1993).
The lack of response t o crystalline niacin additions in all the criteria measured in this experiment suggests that the pigs were able to obtain adequate niacin. The primary source of this available niacin was the dietary ingredients, although the conversion of tryptophan to niacin (Firth and Johnson, 19561, and(or) the bacterial synthesis of B vitamins in the intestinal tract (March, 1979) are other possible sources of available niacin. Corn and soybean meal both contain moderate amounts of niacin, although the niacin in corn is in a bound form (Kodicek, 1940a,b) and is largely unavailable t o the pig (Luce et al., 1967) . The availabilities of niacin from soybean meal and corn have not been determined for pigs, but work with the chick has shown that the availabilities of niacin in soybean meal and corn are 100 and 30%, respectively (Yen et al., 1977) .
If we assume that the availabilities of niacin in corn and soybean meal are similar for pigs and chicks, and that the availabilities of niacin in corn gluten meal and dried whey are 30 and loo%, respectively, the available niacin in the unsupplemented LPT diets fed from d 0 t o 14, 14 to 35, 35 to 63, 63 to 91, and 91 to 133 is estimated to be 10. 4, 10.0, 8.8, 8 .0, and 7.4 ppm, respectively. Based on these estimates, it seems that the current NRC (1988) niacin requirements for pigs from 5 to 50 kg may be higher than necessary. aThe 0 and 81 ppm of niacin treatments in both the low-protein test diet and the control diet were tested in a 2 x 2 factorial arrangement. There were no interactions ( P > .20). There were no niacin main I effects ( P > .20) .
b,cDiet (protein) means in the same row with unlike superscripts differ ( P < ,051
However, the calculated available niacin concentration of 7.4 ppm provided by the corn and soybean meal in our finishing diet from d 91 to 133 slightly exceeded the NRC (1988) requirement of 7.0 ppm. In conclusion, adding crystalline niacin to cornsoybean meal diets fed to pigs from weaning to market weight did not improve growth performance, subjective scoring of hair and skin condition, or the incidence of toe cracks and lameness.
Implications
Practical nursery and growing-finishing diets based on corn and soybean meal may not require niacin supplementation. Available niacin in the feed ingredients, conversion of excess tryptophan to niacin, and(or) synthesis of niacin by the bacteria in the intestinal tract apparently provide adequate niacin as evaluated by pig performance, hair and skin condition, and the incidence of toe cracks and lameness.
